Summary. Ovine LH and ovine FSH stimulated progesterone production in granulosa cells isolated from the F1, F2 and F3 follicles of hypophysectomized and control (sham\x=req-\ operation) hens when they were collected 6 h after operation, but the steroidogenic response to LH was greater for granulosa cells from hypophysectomized hens. At 15 h after operation progesterone production by granulosa cells was stimulated by LH in all 3 follicle types of control hens, but only in the F1 follicles of hypophysectomized hens. The response to FSH at 15 h was similar for control and hypophysectomized hens. The time after hypophysectomy therefore appears to affect the LH-stimulated progesterone production by granulosa cells of the F2 and F3 follicles.
Introduction
The ovary of the domestic hen contains a hierarchy of yolk-filled follicles. The steroid content of the follicular wall as well as the steroidogenic profile of the three largest follicles changes as the follicles mature (Shahabi, Norton & Nalbandov, 1975; Imai & Nalbandov, 1978) . The largest follicle secretes large amounts of progesterone, whereas the second and third largest follicles produce predominantly testosterone and oestradiol, respectively. Huang & Nalbandov (1979) , measuring steroid secretion by isolated granulosa and theca cells, found that the granulosa layer is the major site for progesterone production while the theca layer is the major source of oestradiol.
While steroidogenesis by the granulosa cells of hens in response to the addition of exogenous gonadotrophins has been examined extensively (Huang & Nalbandov, 1979; Scanes & Fagioli, 1980; Culbert, Hardie, Wells & Gilbert, 1980; Zakár & Hertelendy, 1980) , no similar studies have been done on the granulosa cells of the adenohypophysectomized hen. Therefore, the present study was carried out to examine the effect of exogenous gonadotrophins on progesterone production by isolated granulosa cells from F,, F2 and F3 follicles of adenohypophysectomized hens.
Materials and Methods
Hormones and reagents. Ovine LH Tanaka & Nobukuni (1977) , 15 h before the expected time of oviposition of the 2nd or 3rd egg in the laying sequence. Control birds received the same operation but the anterior lobes of pituitaries were not removed. The birds were killed by decapitation 6 or 15 h after operation. We confirmed by sham-operations that our method does not have any effect on normal oviposition and ovulation times.
Preparation and incubation of granulosa cells. The birds had not already ovulated before they were killed. The Fl5 F2 and F3 follicles were collected, placed individually into ice-cold saline (0-9% NaCl) and the granulosa cell layer was isolated. The isolated membrana granulosa was washed with saline and minced. The minced preparations from 4 hens were transferred into a plastic vial con¬ taining 2 ml TCM 199 with collagenase (500 i.u./ml). The vial was incubated in a shaker with 95% 02 and 5% C02 at 41°C for 10 min. After incubation, the contents were centrifuged at 600 # at 4°C for 7 min. The pellet was resuspended and washed 4 times with 3 ml TCM 199. The cell suspension, after final washing, was filtered through two layers of lens paper (Eastman Kodak Co., Rochester, NY, U.S.A.) to eliminate clumps of cells. Cell viability was determined before and after incubation by the trypan dye exclusion method and was above 90%. The cell suspension was then diluted with incubation medium to a final concentration of IO4 or 105 cells/ml. In all experiments, the incuba¬ tion medium used was TCM 199 containing 0-4% bovine serum albumin, penicillin-G (50 i.u./ml) and streptomycin sulphate (50 pg/ml). Samples (1 ml) of the cell suspension were incubated with or without the hormone being tested ( 1 -0 ml/tube) at 41°C for 4 h in an humidified atmosphere of 95% 02 and 5% C02. At the end of incubation, the tubes containing the cell suspensions were stored at -20°C. All (Tokyo, Japan). Radioactivity was counted by using a Packard Liquid Scintillation System (TRI-CARB 460CD). The counting efficiency for tritium was 49%. Cross-reactivity of the progesterone antiserum with other major steroids was as follows: pregnenolone, 1-46%; 20a-dihydroprogesterone, 6-73%; testosterone, 0-17%; oestradiol-17ß, 0-06%. The sensitivity of the assay was 60 pg/ml. Intra-and inter-assay coefficients of variation were 5-8% -6-3% (n = 5) and 7-5% respectively. (Text-fig. la ). The ratio of the maximum progesterone production with LH to basal progesterone production without LH for cells from F1; F2 and F3 follicles were 2-9, 2-9 and 1-6 for control birds and 14-3, 6-3 and 4-0 for hypophysectomized birds, respectively. Therefore, the steroidogenic response to LH was greater for granulosa cells from hypophysectomized birds than that from control birds in all 3 types of follicle.
LH (ng/ml) Text- fig. 1 . Effect of ovine LH on progesterone production in granulosa cells isolated from the three largest follicles of hens at (a) 6 h and (b) 15 h after sham-operation (controls) and hypophysectomy. Values are mean ± s.e.m. for 5 culture tubes. *P < 0-05, **P < 0-01 compared to the progesterone production at zero dose of LH for each follicle type. Text- fig. 2 . Effect of ovine FSH on progesterone production in granulosa cells isolated from the three largest follicles of hens at (a) 6 h and (b) 15 h after sham-operation (controls) and hypophysectomy. Values are mean ± s.e.m. for 5 culture tubes. *P < 0-05, **P < 0-01 compared to the progesterone production at zero dose of FSH for each follicle type.
Ovine FSH stimulated progesterone production similarly in granulosa cells isolated from F,, F2 and F3 follicles of control and hypophysectomized birds (Text-fig. 2a ).
Follicles collected 15 h after operation
Ovine LH stimulated progesterone production in granulosa cells isolated from F,, F2 and F3 follicles of control birds (Text fig. lb) and the values of maximal/basal progesterone production were 31, 2-8 and 6-6, respectively. However, in the hypophysectomized birds LH stimulated progesterone production in cells from F, follicles (maximal/basal production = 5-3) but was not effective in cells from F2 follicles (maximal/basal production = 1-0). For F3 follicles, only the highest dose of LH had a significant effect and the maximal/basal production ratio (3-6) was less than that for F3 follicles from control birds.
Ovine FSH stimulated progesterone production similarly in granulosa cells isolated from F,, F2 and F3 follicles of control and hypophysectomized birds (Text-fig. 2b ).
Discussion
It has been shown that ovine and bovine LH are potent stimulants of progesterone production in chicken granulosa cells (Hammond, Todd & Hertelendy, 1978 Zakár & Hertelendy, 1980) . Hammond, Burke & Hertelendy (1981) Although the precise mechanisms remains to be explored, our results appear to suggest that the sensitivity of the granulosa cells to LH may be involved in the mechanism of multiple ovulation after hypophysectomy reported by Opel & Nalbandov (1961) and Ogawa, Tojo & Kajimoto (1976) .
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